Wheat was grown in rotation with three different crops, namely wheat, chickpea and lentil, and with a fallow, in three consecutive seasons beginning in 1992 in NW Syria. Two rates of N fertilizer (0 and 30 kg N ha −" ) were superimposed on these four rotations, giving eight treatments which were replicated three times in each season. "&N-labelled fertilizer was applied to microplots within the fertilized plots at sowing when unlabelled fertilizer was broadcast on the rest of the plot.
INTRODUCTION
In the countries of the WANA (West Asia\North Africa) region, increased population pressure has led to the abandonment of the traditional cereal-fallow rotation in favour of continuous cropping of cereals (e.g. Jones & Singh 1995) . Inevitably, as soil fertility has declined, so have cereal yields. One possible means of arresting and reversing the decline in soil fertility, and so increasing cereal yields, is the reintroduction of a rotation system based on legumes.
Cereal yields are generally greater when they are grown after legumes than after cereals (Papastylianou 1987 ; McEwen et al. 1989 ; Jones & Singh 1995) . Peoples & Craswell (1992) identify several reasons for this. Amounts of N in the soil may be greater after legumes than cereals either because of a residual input of N from biological nitrogen fixation (BNF) or because less soil N was taken up by the legume than would have been extracted by the cereal -the ' sparing ' effect. Strong et al. (1986) have shown that in Queensland, Australia, the increase in wheat yields following grain legumes compared to continuous wheat was because of a larger quantity of mineral N remaining deeper in the soil profile. Moreover, the mineralization of N from legume residues may be greater than from cereal residues because for legume residues the tissue N concentration is higher, and therefore the C : N ratio is lower. Besides affecting the N status of the soil, legumes may improve the soil physical properties and break cycles of pests and diseases that build up in continuous cereal production systems.
Any examination of the yield benefit of growing cereals in rotation with legumes, rather than continuously, should also investigate the sources of N available to the cereal crop. Recovery of applied N fertilizer in the cereal may be lower in cereal-legume rotations than in continuous cereals because of the potentially greater supply of available soil N to cereals following legumes. This increase in the availability of soil N following legumes rather than cereals may be quantified by calculating the A-value of the soil (Fried & Dean 1952) . Alternatively, as Senaratne & Hardarson (1988) have shown, it is possible to measure the residual N effect of legumes arising from the input of N from BNF or the decomposition of N-rich residues or from their more sparing use of N, by adapting the isotope dilution technique for measuring BNF (Fried & Middelboe 1977) . If "&N-labelled fertilizer is applied to cereals grown in rotation with legumes and also continuously with other cereals, the enrichment of the cereals after legumes will be lower than those after cereals because of the input of N from an unlabelled source (in this case the residual legume effect).
This paper reports the results of experiments from the research station of the International Centre for Agricultural Research in the Dry Areas (ICARDA), Syria, in which "&N-labelled fertilizer was applied in three consecutive seasons to wheat sown in four different crop rotations, namely wheat-chickpea, wheat-lentil, wheat-fallow and continuous wheat. The aims were to quantify : (i) the yield benefit of growing wheat in rotation with legumes or fallow rather than continuously ; (ii) the N benefit of rotational versus continuous cropping ; (iii) the recovery of N fertilizer in crop and soil ; and (iv) the amount of N lost from the crop-soil system.
MATERIALS AND METHODS
The soil at the ICARDA station, Tel Hadya, Syria (36m 1h N, 36m 56h E) is classified as a calcixerrolic xerochrept according to the USDA classification system. It has a high clay content ( 55 %) with a pH of 8n1, contains 23 % CaCO $ , 0n54 % organic C and 800 mg\kg total N. Rain falls mostly between November and March, and averages 330 mm per annum. Average maximum monthly temperatures range from 11 mC in January to 36n8 mC in August, while the respective average minimum monthly temperatures are 1n5 mC and 21n0 mC.
As part of a larger long-term, two-course rotation experiment (Harris 1990) , following opening rains, wheat (Triticum turgidum var. durum cv. Cham 1) was sown on 22-24 November 1991 , 3-5 January 1993 and 29-30 November 1993 , in 12i37n5 m plots, which were replicated three times. There were four alternatives in the rotation preceding the wheat crop, namely wheat (i.e. continuous wheat), chickpea (Cicer arietinum L. cv. Ghab 2), lentil (Lens culinaris L. cv. Idleb) and a one-year fallow. Phosphate fertilizer was drilled with the wheat at a rate of 50 kg P # O & ha −" . Two rates of N fertilizer (0, 30 kg N ha −" ) were applied to all four rotations each season at sowing. 30 kg N ha −" was broadcast as urea in 1991 and as ammonium sulphate at both sowings in 1993.
In each season a 2i2 m microplot was established in the middle of each of the 24 main plots prior to sowing and the broadcasting of N fertilizer. These microplots were covered when unlabelled fertilizer was broadcast. "&N-labelled fertilizer was applied as a solution to microplots at 30 kg N ha −" after sowing in all three years (i.e. 1 December 1991 , 5 January 1993 , 5 December 1993 . Urea with an abundance of 10n4244 atom % was used in the first year, and ammonium sulphate with an abundance of 10n2886 atom % was used in the second year. In the third season, "&N-labelled ammonium sulphate with an abundance of 10n2621 atom % was applied to replicate 1, while the abundance of the fertilizer applied to replicates 2 and 3 was 10n2544 atom %.
The microplots were divided into four 1i1 m quadrats, and in each season of N fertilizer application two of them were sampled ; one at early stem-extension (10 March 1992 , 15 March 1993 and 16 March 1994 and one at maturity (harvest) on 3 June in the first two seasons and 30 May in the third season. The remaining two quadrats were left to be sampled in the two succeeding years.
At each sampling, plants from a 70i50 cm area within the selected quadrat of each microplot were cut at ground level. Those samples taken at harvest were separated into ears, stem plus leaf and stubble. All plant samples from both March and harvest were dried at 80 mC for 48 h and then weighed. The ears were threshed and the grain yield of the microplot determined. Plant material was ground to pass a 0n25 mm sieve and analysed for total N content and "&N enrichment on a Roboprep C and N analyser (Europa Scientific, Crewe, UK) linked to a VG622 mass spectrometer.
Soil samples were taken to a depth of 40 cm from the area within each quadrat of each microplot, sampled either in March or at harvest. A 30i30 cm square of soil was dug to a depth of 20 cm. In the first two seasons, two further 20 cm coil cores were taken from the bottom of the 30i30 cm hole with a 6n5 cm diameter auger. In the third season, a single sample was taken with a 10n6 cm diameter auger. All soil samples were passed through a 13 mm sieve, and Wheat 0 8n4 4 3 n 2 3 n 2 3 6 n 3 (14n4) 6n7 2 5 n 5 30 11n9 6 5 n 3 9 n 0 5 5 n 2 (36n3) 12n0 3 7 n 6 Chickpea 0 11n6 4 3 n 1 9 n 7 5 9 n 9 (41n3) 9n5 2 5 n 2 30 17n6 6 0 n 7 1 3 n 4 8 2 n 6 (63n2) 11n8 3 2 n 7 Lentil 0 13n3 4 3 n 3 7 n 8 6 0 n 2 (44n3) 19n1 4 2 n 7 30 22n7 7 0 n 7 1 4 n 9 6 2 n 3 (69n7) 19n6 5 5 n 3 Fallow 0 15n0 4 8 n 0 1 1 n 7 7 2 n 0 (51n8) 20n8 3 1 n 2 30 20n9 6 3 n 3 9 n 1 6 8 n 6 (50n9)
thoroughly mixed before being subsampled. Total N and "&N:"%N ratios were determined as for the plant material after the soil had been dried, weighed and finely ground in a TEMA mill.
Soil samples from the unfertilized treatment in all years were also analysed for "&N:"%N ratio on a mass spectrometer (micromass 602E) to determine background natural abundance "&N values. The amounts and percentages of "&N fertilizer applied that were recovered in crop and soil were calculated according to methods described by Hauck & Bremner (1976) , using 0n3663 atom % and 0n3765 atom % as the natural abundance "&N values of crop and soil samples respectively. The soil samples were taken from the unfertilized treatment. The three replicates were deemed to be blocks, and the data were analysed using the Genstat Statistical package using a randomized block design allowing interaction only between previous crop and fertilizer rate (where appropriate).
Grain yields estimated from the samples taken from the microplot (0n35 m#) generally differed by 10 % on average from those obtained by harvesting 20 % of the whole plot area (90 m#) in 1992 and 1994. In contrast, in 1993 the discrepancy between microplot and whole plot was 20 % and so whole plot data are shown in parentheses in Table 1 . Consequently, whole plot data, rather than the data from the microplot, were used to calculate fertilizer recovery in 1993, whereas microplot data were used in 1992 and 1994. Data for percentage N content and "&N enrichment came from the microplot samples in all three years.
Values for the A-value of the soil were calculated using the following equation :
where R equals the rate of N fertilizer application (in this case 30 kg N ha −" ) and %Ndff is the percentage of nitrogen derived from fertilizer calculated by dividing the atom % "&N excess of the shoot material by the atom % "&N excess value of the fertilizer (Fried & Dean 1952) .
The proportion of N derived from the residual N effects of the preceding legume or fallow were calculated according to : %Ndfu l 1k atom % excess wheat following legume or fallow atom % excess wheat following wheat i100 (2) where %Ndfu refers to the %N derived from an unlabelled source (Senaratne & Hardarson 1988) .
RESULTS

Dry matter and grain yield
Average above-ground dry matter (DM) increased from 560 kg ha −" in March to 5420 kg ha −" at harvest. DM yields of the fertilized plots were significantly (P 0n05) greater than the unfertilized plots, except at harvest in 1992 and in March 1993 (Table 1) . Similarly, grain yields were significantly greater (P 0n05) in the 30 kg N ha −" treatment than in the 0 kg N ha −" treatment in 1993 (whole plot data) and 1994, but not in 1992 (Table 1) . It should be noted that grain and DM yields were greater in the unfertilized plot than in the fertilized plot in the wheat-fallow rotation in 1993.
There is no explanation for this. Above-ground DM of wheat was always least in the continuous wheat rotation (Table 1) and generally greatest in the wheat-fallow rotation. At harvest, the effect of rotation was significant (P 0n01) in 1993 (whole plot data) and 1994 (Table 1) . Similarly, grain yields were affected (P 0n01) by rotation in 1993 (whole plot data) and 1994 (Table 1) but not in 1992.
Crop N content and its sources
The amount of N in the shoots increased by 32n5 kg N ha −" on average, from March to harvest, although as a percentage the N content decreased from 2n81 to 0n96 % on average. N yield of the shoots was significantly greater (P 0n05) in the 30 kg N ha −" treatment compared with the 0 kg N ha −" treatment (Table 2) , except for samples taken in March 1993 and 1994. The effect of rotation on shoot N yield was significant (P 0n05) at harvest in 1993 and in March in 1992 (Table 2 ). Averaged across both N treatments, the amount of N in the shoots was always least in the continuous wheat rotation in March, and at harvest always greatest in the wheatlentil rotation (Table 2) .
At harvest the least fertilizer-derived N was always found in the shoots of wheat from the continuous wheat rotation (Table 3) , while the most fertilizerderived N was always found in the shoots of wheat in the wheat-legume rotations (Table 3) . These effects of rotation on the amount of fertilizer N in the shoots were significant only at harvest in 1994. The percentage recovery of fertilizer N in the wheat by harvest was small, ranging from 8 to 26 % (Table 3) .
By harvest in 1992 (P 0n05) and 1994 (P 0n057) a fertilizer application of 30 kg N ha −" had increased the amount of unlabelled N derived from soil in the shoots of wheat compared with a similar unfertilized plot (Fig. 1) . Rotation had no significant effect on the amount of soil-derived (unlabelled) N in the shoot (Table 3) , although at harvest more N was always derived from the soil in the wheat-lentil rotation than in the other rotations.
The amount of N in the shoots derived from both fertilizer and soil increased from March (13n6 kg N ha −" , on average) to harvest (46n2 kg N ha −" , on average). This increase was greater for soil-derived N than for fertilizer N. In 1992 and 1994 more than half of the total fertilizer N in the shoot at harvest had been taken up by March (Table 4 ). The smaller proportions in the crop sequences other than continuous wheat in 1993 may be due to the later planting in that season. Conversely, with the exception of the fallow rotation in 1994, less than 35 % of the soilderived N in the shoot at harvest had been taken up by March (Table 4) . At harvest in 1994 the percentage recovery of fertilizer N in the shoot was at most 6 % greater than in March (Table 3 ). The percentage recovery increased by 12 % or less from March to harvest in both 1992 and 1993 (Table 3) .
Soil N
The amount of "&N-labelled fertilizer remaining in the soil was unaffected by rotation, except in March 1993, when significantly less "&N was found in the continuous wheat rotation than in the other rotations (Fig. 2) . The percentage recovery of "&N-labelled fertilizer in the soil (0-40 cm layer) at harvest was less in 1992 (18n5 %, on average) than in 1993 (53n6%, on average) or 1994 (35n0 %, on average). More than 80 % of the "&N-labelled fertilizer in the soil in March was found in the 0-20 cm layer. Although this proportion had declined by harvest, it still exceeded 70 %, except for the continuous wheat and wheatchickpea rotations in 1993, when it was 66 % and 67 % respectively. Averaged across all four rotations, the amount of "&N-labelled fertilizer in the soil decreased significantly (P 0n01) from March to harvest in 1992, increased significantly (P 0n01) from March to harvest in 1993, and increased from March to harvest in 1994, although this was not significant (Fig. 2) .
Unaccounted for N
A large percentage of the applied "&N-labelled fertilizer could not be accounted for in the crop or 0-40 cm soil layer, averaging 57n3 % in March and 49n4% at harvest. More "&N-labelled fertilizer (17n2 kg N ha −" , on average) was unaccounted for in March than at harvest (14n8 kg N ha −" , on average ; Table 5 ), although this was only significant (P 0n001) in 1993. The effect of rotation was significant only in 1993 : the continuous wheat rotation lost more N than the wheat-lentil rotation (on average 16n2 kg N ha −" and 10n6 kg N ha −" , respectively).
Residual effect of preceding phase of rotation on N content and yield
The "&N enrichment of wheat grown continuously was 
 \  , not determined because the atom % excess of the wheat in the continuous wheat was less than that in the wheat in the other rotations.
significantly (P 0n01) greater than that of wheat from the other rotations in March 1993. Similar trends, although not significant, were seen in March 1992 and March 1994 and at harvest in 1993. Thus it was possible to calculate the proportion of N derived from the residual N effects of the previous crop at these times, according to Eqn (2). Table 6 shows that the proportion of N in the wheat in March derived from the effect of the previous crop, varied with season. It was greater in 1993 than in 1992 or 1994, which were similar. Between 6 and 66 % of the N in the crop by March came from the residual effects of the previous crop. This proportion was least in the wheat-chickpea rotation. These proportions were equivalent to between 0n8 and 10 kg N ha −" . At harvest in 1993, between 16 and 29 %, or 10 to 20 kg N ha −" , of the N in the wheat was due to the residual effects of the preceding crop. In 1992 and 1994 the "&N enrichment of the wheat at harvest in the continuous wheat rotation was less than that in the other rotations, which precluded a similar analysis. The effect of a previous legume crop or a fallow on a subsequent wheat yield was equivalent to a fertilizer application rate ranging from nothing to 30 kg N ha −" to a continuous wheat crop, depending on the previous crop and the season ( Table 7) . The yield (106) 123 (37) 403 (250) 161 (77) 389 (180) Chickpea 95 (36) 204 (94) 255 (135) 521 (318) 190 (90) 247 (105) Lentil 113 (41) 271 (109) 463 (290) 570 (390) 123 (48) 322 (153) Fallow 152 (53) 253 (109) 314 (137) 583 (350) 212 (84) 466 (247) 
benefit was least in 1992 and greatest in 1993 when the unfertilized plots of the wheat following lentil, chickpea and fallow yielded more than continuous wheat fertilized with 30 kg N ha −" . The fertilizer equivalence of a preceding lentil crop always exceeded 30 kg N ha −" , except in 1991\92 when there was no yield benefit (Table 7) .
A-values for the soil were greatest in 1993 and least in 1992 (Table 8) . A-values for the soil were greater at harvest than in March in all years, reflecting the difference between the two sampling dates in the proportion of N derived from fertilizer. A-values were generally not affected by rotation (Table 8) , except in 1993, when the A-value for the soil in the continuous wheat was significantly less than for that in the other rotations, especially the wheat-lentil rotation.
DISCUSSION
Countries of the WANA region are characterized by erratic rainfall, dry summers and nutrient deficient soils (Buddenhagen 1990) , so that water and N are frequently factors limiting crop growth. Grain yields of wheat varied more in response to the application of 30 kg N ha −" (515 kg ha −" , on average) than to differences between seasons (380 kg ha −" , on average). Yields were greatest in 1992 (2039 kg ha −" , on average) when 163 mm rain fell between October and December 1991, and least (1660 kg ha −" , on average) in 1994 when only 70 mm rain fell in the same period in 1993. 99 mm rain fell between October and December 1992 and average yields were 1810 kg ha −" . A larger water supply may account for the greater yield of wheat in a wheat-fallow rotation than in wheat grown continuously (Harris 1990) . At the beginning of the season an additional 20 and 25 mm of water was stored in the top 60 cm of the soil profile of the unfertilized wheat crop following a fallow rather than a wheat crop, in 1993 and 1994 respectively. However, it should be noted that while grain yields of wheat following a fallow were greater than those of wheat in a continuous wheat rotation, they were never twice as great (except in the comparison of whole plot data in the unfertilized plots in 1993). Consequently, grain yields over the rotation would often be less in the wheat-fallow rotation than in the continuous wheat. A similar observation has been made for barley-based rotations grown in these environments (Jones & Singh 1995) . Winter-sown chickpea (Brown et al. 1989 ) extracted water less rapidly than barley (Cooper et al. 1987) at Jindiress, Syria, but, because chickpea reached maturity one month later than barley, total water consumption was similar. Likewise at Tel Hadya, chickpea consumes as much water as wheat (Harris 1990) and so the additional yield from wheat in a chickpea-wheat rotation compared with wheat that is continuously cropped cannot be attributed to an increase in the availability of water.
In this particular experiment there are three sources of N for the wheat crop namely, fertilizer N, soil N and N derived from the residual effects of the preceding phase of the rotation. Using "&N-labelled fertilizer, N in the crop derived from fertilizer can be distinguished from the other two sources. The recovery of fertilizer N by the crop was low ( 16 %, on average). Low recoveries in the crop are more common in drier environments (Pilbeam 1996) and within WANA have been found in Tunisia (Sanaa et al. 1992), Turkey (B. Halitligil, unpublished) and in Syria (Pilbeam et al. 1997) . The addition of fertilizer N generally increased the amount of unlabelled soil N in the crop (50 kg N ha −" , on average) compared with the amount of unlabelled soil N in the unfertilized crop (38 kg N ha −" , on average), so that the apparent recovery of N fertilizer (Harmsen & Moraghan 1988) was substantially greater than that calculated using the "&N isotope method. This is an example of a positive added nitrogen interaction (Jenkinson et al. 1985) . Much ( 59 %, on average) of the fertilizer N in the crop at harvest had already been taken up by March (Table 4) . Conversely, more of the soil N in the crop at harvest was taken up after March. In studies where "&N-labelled fertilizer is applied to wheat it is common for any residual "&N-labelled fertilizer in the soil at harvest to remain in the surface layers as organic N compounds (Pilbeam 1996) . Here 80 % of the "&N in the 0-40 cm soil layer at harvest was found in the 0-20 cm layer. As the frequency of rainfall events decreases from March onwards, so the surface layers of the soil dry out. By the middle of April the water potential in the surface 0-30 cm layer was usually less (i.e. more negative) than k0n5 MPa, whereas deeper layers were closer to k0n1 MPa. Therefore, it seems likely that as the soil surface dried, from April through to harvest in June, more of the N will be taken up from deeper in the soil. Consequently, less of the later absorbed N will be "&N-labelled fertilizer and more will be unlabelled soil N.
More N was recovered at harvest in wheat grown in rotation with chickpea, lentil or fallow than with wheat grown continuously. This N benefit (12 kg N ha −" , on average) was small, but frequently contributed a large proportion ( 25 %, on average) of the N in the wheat crop. Keatinge et al. (1988) reported a similar result for barley rotations in NW Syria. A-values, which indicate the available soil N, were not significantly different in each of the rotations in 1992, 1994 or at harvest 1993 when calculated using the fertilizer application rate (30 kg N ha −" ). The rate of fertilizer application is a crucial component in the calculation of A-values. If losses of fertilizer are large, then A-values will be commensurately smaller. Moreover, if losses occur differentially between rotations, then A-values may be altered. Losses of "&N-labelled fertilizer were indeed large ( Table 5 ), so that A-values for the soil calculated using the actual amount of fertilizer recovered in the crop and soil were smaller than those calculated using the fertilizer rate of 30 kg N ha −" (Table 8) . Rotational effects on A-values only became significant (P 0n01) at harvest in 1993 when the losses of N were accounted for in the fertilizer rate. Losses of "&N-labelled fertilizer at harvest over the three seasons ranging from 9n5 to 19n5 kg N ha −" were found in other treatments from this large two-course rotation experiment (Pilbeam et al. 1997) . Much of this loss is attributed to volatilization from the calcareous soils of high pH and to denitrification rather than to leaching. Curiously, more "&N-labelled fertilizer was unaccounted for in March (57 %, on average) than at harvest (49 %, on average). No explanation can be given for this disappearance from and then re-appearance of "&N-labelled fertilizer in the soil total N pool.
An absence of any marked difference in the availability of soil N between rotations implies that the residual effect of the preceding phase of the rotation made little contribution to the N supply of the succeeding wheat crop. Following the analysis of Senaratne & Hardarson (1988) , the similarity in the enrichment of the wheat crops from the different rotations would also support the assertion that little N was derived from the residual effect of the preceding phase of the rotation. It is not uncommon for residues of both cereals and legumes to make little contribution to the N balance of a subsequent crop. For example, 5 % of the N in a winter wheat crop grown near Pullman, Washington, USA came from the straw of the preceding spring wheat crop (Fredrickson et al. 1982) . Similarly, 11 % of the N in a wheat crop came from ground legume material (Medicago litteralis) incorporated at least 5 months before sowing (Ladd et al. 1983) at Avon, South Australia and 6 % from lentil straw for wheat grown in Saskatchewan, Canada (Bremer & van Kessel 1992) . Assuming that C : N ratio rather than some other index of composition (e.g. polyphenol : N ratio (Fox et al. 1990) ) influences the decomposition rate, then the failure of crop residues to contribute to the N supply of the subsequent wheat crop may be attributed to the high C : N ratio of these residues. Wheat straw, chickpea straw and lentil straw at this site in 1994 had C : N ratios of 141, 78 and 37 respectively. Similarly high C : N ratios have been found for wheat straw in other dry areas (e.g. Strong et al. 1987 ; Rasmussen & Rohde 1991) .
In spite of a C : N ratio more conducive to mineralization, lentil residues may not make any significant contribution of N to the succeeding wheat crop because the lentil straw is removed for animal fodder, so that roots are the only residues remaining after harvest. The removal of all of the shoot material at harvest also reduces the possible input of N from BNF. In Northern Syria, the proportion of N in the shoots of lentil derived from fixation is generally similar to, but sometimes less than, the proportion of shoot N in the grain (e.g. Keatinge et al. 1988 ; Beck et al. 1991) so that, at best, inputs of N through BNF merely match N removal in the grain. Removal of the straw after harvest not only further diminishes any likely N input from BNF into the crop-soil system but also increases the likely removal of soil N, further reducing any N benefit accruing to the subsequent crop. Levels of soil organic N remain constant when wheat is grown in rotation with lentil, but increase slowly when wheat is rotated with pasture legumes such as medic or vetch which are grazed in situ (White et al. 1994) . Moreover, wheat grown in rotation with these pasture legumes has a higher N content than when grown in rotation with a grain legume -lentil (White et al. 1994) .
Although the grain legumes in this study do not appear to enhance the water or N status of the soil for the succeeding wheat crop, their incorporation into the crop rotation may have other effects which result in a greater yield of wheat grown in rotation rather than continuously. Two in particular merit attention. The first is the impact of legumes on soil structure. There is evidence from the same two-course rotation at ICARDA that soil aggregates are more stable in the wheat-medic rotation than in the wheat-fallow rotation (Masri & Ryan 1995) , and this is attributed to the difference in organic matter content of the two soils. Organic matter content of the soil in the grain legume-wheat rotations in this study was greater (1n07-1n12 %) than that in the soil of the continuous wheat (1n05 % ; Ryan et al. 1993) . Consequently, the soil structure may be better in a wheat-grain legume rotation. The second is the impact of legumes on the availability of other nutrients, especially P, which is often deficient in the soils of the Mediterranean zone (Matar et al. 1992) . In the field in NW Syria, both chickpea (Weber et al. 1992) and lentil (George 1993) are infected (often heavily) by indigenous vesiculararbuscular mycorrhizae, and consequently their uptake of P is enhanced. Moreover, chickpea acidifies the rhizosphere (Marschner et al. 1986) , which may enable it to utilize insoluble P sources. If this solubilized P persists in the soil, or residues of chickpea and lentil with a high P concentration are returned to the soil, then wheat grown on P-deficient soils in rotation with either of these grain-legumes may benefit. However, the application of 50 kg P ha −" to the wheat phase of the rotation in this trial probably ensures that wheat yields are not limited by
